Sample Composition
The composition of the alloy is determined analogously to that of the binary SeTe alloys as described in. [1] The melting point (T m ) of the alloys is recorded and is transformed into the composition under the assumption that the compound undergoing the melt is Se x Te 1-x , and melts according to the liquidus line of the binary SeTe system. [2] To verify these assumptions, EDS (Energy Dispersive X-ray Spectroscopy) is performed on samples still attached to the UFS-1 sensor, as well as several local measurements using TEM EDS. The melting point obtained from DSC agrees well with that obtained through EDS and phase diagram. We may conclude that T m is still a good indicator of the average specimen stoichiometry. The second half of the manuscript reveals however, that the sample is in fact distinctly inhomogeneous (c.f. figure 4d) , and the crystallized component of the sample has a relatively low As content, and higher Te/(Se+Te) ratio than the average specimen stoichiometry. Since this crystalline phase is the origin of the melting peak in fig. 1a of the main text, we conclude that the Te content in the specimen would be overestimated when based on the melting point as described above. As presented in Fig. S1 however, the actual mismatch between T m -determined and EDS-determined composition is negligible. Compared to the composition determined using TEM-EDS, the UFDSC-determined composition slightly overestimates the Te-content in the sample. This is consistent with a Terich crystallized phase. 
Specimen preparation: Flash DSC to Electron Microscope
We developed a simple procedure to transfer a specimen that has been thermally analyzed using Ultrafast DSC to an SEM or TEM for structural analysis. The Mettler-Toledo Flash DSC 1 makes use of MEMS-chips (UFS-1), where the specimen is placed directly on a 'hot-plate' area. To prevent the sample from sticking to the surface, and to allow re-use of the MEMS-chip, a thin layer of silicone oil is commonly used. The sample can be manipulated and picked up from the chip surface using either a thin hair or a piece of rolled up tissue paper.
The sample needs to be embedded in a support which allows insertion in TEM. A standard copper ring (3 mm outer diameter and 1 mm inner diameter) was used. Using a tooth pick, a thin membrane of Power Epoxy glue is applied to cover the hole in the ring. It is essential that this glue membrane is kept as thin as possible, since most of it will need to be removed later. After the glue is applied, the sample needs to be placed in the glue membrane, as much towards the center as possible. Multiple specimen may be placed within one sample support to optimize the chance of success of the next steps. The glue is allowed to harden at low temperature. (Fig. S2 left) To obtain a sample which is electron transparent, and therefore useful for TEM analysis, the glue membrane and the samples within have to be polished down to a thickness of less than 100 nm. This is achieved using an Ion polisher (Gatan PIPS II), where consecutively both sides of the ring are milled using argon ion guns set to grazing angles. The milling on the first side was stopped when the sample emerged from the glue: this was clear from the shiny appearance of their surface (Fig. S2 right) . The bottom side was then milled until a hole appeared next to the specimen. This usually yielded a thin, electron-transparent wedge within the specimen. 
Elemental composition of the two-phase mixture
The histogram in figure 4d contains a comparison of the composition of two specimen, one slowly cooled from the melt, and one heated with 100 K/s. Both contain a 2-phase mixture, as shown in figure 3. Since the 100 K/s sample has been thermally cycled, its overall composition was slightly different due to the selective evaporation of Se. By normalizing the elemental composition to the total amount available in the alloy, we can eliminate this effect from the comparison. The resulting histogram is shown in figure S3 . Be aware that the normalized atomic concentration is now a fraction of the total available in the sample, and not a true concentration intercomparable between samples. We can however, clearly observe that the 100 K/s sample and the ingot show highly similar phase separation: except for the small fraction of As present in the quickly heated sample.
Figure S1. The elemental fraction per specific phase normalized to the total amount of that element in the sample is shown. We see both samples have a nearly identical distribution, and the large majority of the As and to a lesser extent the Se is present in the amorphous phase, while the Te is mostly present in the crystalline phase.

(STEM)-EDS operation and quantitative analysis Calibration and errors
Electron-Dispersive X-ray diffraction (EDS) spectra are be obtained by capturing the X-ray emissions from an electron-beam irradiated surface. The spectra contain emission peaks corresponding to electronic transitions within the chemical elements of the sample. While EDS software will generally provide a fitting error and compositional accuracy of 1-2 at.% when analyzing a spectrum, the actual measurement error depends on many factors such as sample roughness, thickness, and the potential overlap of spectral lines. The measurements have a high accuracy, but a low precision: it is therefore recommended to only compare results between similar samples or locations on one sample. Therefore no error bars are displayed since they give an overly optimistic view of the error. We do not analyze the absolute values obtained from EDS, but merely analyze trends and compare differently treated samples amongst themselves, such as the compositional change due to evaporation, or the different heat-treatments in figure 4d.
STEM mapping accuracy
When one wants to obtain an EDS map, many emission spectra each corresponding to a small part of the sample are recorded. While for accurate composition determination a long measurement time is taken to acquire a spectrum, for mapping one is more interested in local composition differences of just a few elements. In this case short dwell times per measured point can be chosen at the cost of compositional accuracy. Figure 4d has been obtained using long-time averaged scans, while f-I were obtained in a mapping mode. These figures therefore give an indication of the normalized elemental density, but should not be interpreted quantitatively.
Microscopy on binary SeTe
To compare SeTeAs and SeTe alloys, some microscopy analysis was duplicated on pure SeTe, which shows a much greater phase and compositional homogeneity. 
The second transition in Ultrafast DSC
An attempt was made to elucidate the origin of the shoulder on the high temperature side of the crystallization peak, which appears below certain heating rates and temperatures (c.f. figure 1b of the main text). The sample was quenched to room temperature at various points during the transition. It is clearly observed that only when the sample is cooled and reheated after the second transition has fully taken place, no exothermal effect is visible in the reheating trace. This indicates the effect is irreversible (unless we melt the sample), and therefore not a glass transition. 
